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(57) ABSTRACT

The present mnvention provides a method of manufacturing
a semiconductor device that can mhibit deterioration of the
terroelectric film cased by hydrogen generated 1n a wiring

layer. The method of manufacturing a semiconductor device
includes steps of forming the ferroelectric capacitor by
laminating first electrode 8, ferroelectric film 9, second
clectrode 10, covering the ferroelectric capacitor by insu-
lating film 11, forming opening 134 that exposes the second
clectrode 10 on the 1nsulating film 11, depositing or forming
conductive hydrogen protective film 20, forming wiring
layer 14 on the conductive hydrogen protective film 20, and
patterning the wiring layer 14 and the conductive hydrogen
protective layer 20 after forming the wiring layer 14.

14 Claims, 5 Drawing Sheets
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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and a method of manufacturing the same. More specifically,
the present invention relates to a semiconductor device with
a ferroelectric device and a method of manufacturing the
same.

2. Background Information

A related example of a semiconductor device with a
terroelectric capacitor 1s described 1n Japanese Patent Pub-
lication JP-A-2002-252336, which 1s hereby incorporated by
reference. In the semiconductor device, a {lerroelectric
capacitor 1s formed by laminating a lower electrode, a
terroelectric film, and an upper electrode, on a first insulat-
ing film 1n that order. The ferroelectric capacitor 1s covered
with a second insulating film. An opening that exposes an
upper electrode 1s formed 1n the second insulating film. In
addition, a conductive barrier film and a conductive hydro-
gen barrier film are deposited or formed in that order, and
patterned to have a region that includes an opening. Then a
wiring layer 1s formed on the conductive hydrogen barrier
film and the second insulating film. In the semiconductor
device, the conductive barrier film and the conductive
hydrogen barrier film are formed on the upper electrode
exposed 1n the opening. Therefore, this structure prevents
hydrogen and moisture generated in a later process from
filtering through the upper electrode. As a result, deteriora-
tion of the ferroelectric film 1s prevented.

For example, in forming a wiring layer with wiring
material including Al (aluminum), hydrogen 1s generated
when moisture generated 1n a resist ashing process after the
patterning of wiring chemically reacts with wiring material
(Al) mnside the wiring layer. To prevent the hydrogen gen-
erated 1n the wiring layer from reaching the upper electrode,
the conductive barrier film and the conductive hydrogen
barrier film are formed at a location between the upper
clectrode and wiring layer in the manufacturing process
described above. However, in the manufacturing process,
the wiring layer 1s formed after patterning the conductive
barrier film and the conductive hydrogen barrier film, and a
part of the wiring layer 1s directly formed on the second
insulating {ilm. In this structure, there 1s a possibility that
hydrogen generated 1n the wiring layer filters through the
second insulating film, enters the upper electrode and the
ferroelectric film, and deteriorates the ferroelectric film.

In view of the above, there exists a need for an improved
semiconductor and a method of manufacturing the semicon-
ductor device, which can inhibit deterioration of the ferro-
clectric film caused by hydrogen generated from the wiring
layer. This invention addresses this need in the related art as

well as other needs, which will become apparent to those
skilled 1n the art from this disclosure.

SUMMARY OF THE INVENTION

A method of manufacturing a semiconductor device
according to a first aspect of the present invention includes
forming a ferroelectric capacitor by laminating a first elec-
trode, a ferroelectric film, and a second electrode in that
order, covering the ferroelectric capacitor with an msulating
f1lm, forming a first opening that exposes a second electrode
in the msulating film, depositing or forming a conductive
hydrogen protective film on the insulating film and on the
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2

inner wall of the first opening, depositing or forming a
wiring layer on a conductive hydrogen protective film, and
patterning the wiring layer and the conductive hydrogen
protective film after forming the wiring layer.

In the method of manufacturing a semiconductor device
of the present invention, a conductive hydrogen protective
film 1s provided 1n an under layer of the wiring layer to
pattern the wiring layer and the conductive hydrogen pro-
tective film after forming the wiring layer on the conductive
hydrogen protective film, and prior to patterning the con-
ductive hydrogen protective film. In this structure, even 1f
moisture generated in a later process imitiates a chemical
reaction in the wiring layer and hydrogen 1s generated, 1t 1s
possible to block hydrogen intrusion into the second elec-
trode from the wiring layer and into the 1nsulting film from
the wiring layer by the conductive hydrogen protective film.
Further, hydrogen intrusion into the ferroelectric film
through the second electrode and the mnsulating film 1s also
inhibited. As a result, deterioration of the ferroelectric film
by hydrogen generated 1n the wiring layer can be inhibited
or avoided entirely.

These and other objects, features, aspects, and advantages
of the present mmvention will become apparent to those
skilled in the art from the following detailed description,
which, taken in conjunction with the annexed drawings,
discloses a preferred embodiment of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the attached drawings which form a part
of this original disclosure:

FIG. 1 1s a view of cross-section diagrams 1illustrating a
method of manufacturing a semiconductor device in accor-
dance with a first embodiment of the present invention;

FIG. 2 1s a view of cross-section diagrams further 1llus-
trating the method of manufacturing a semiconductor device
in accordance with the first embodiment of the present
imnvention;

FIG. 3 1s a view of a cross-section diagram even further
illustrating the method of manufacturing a semiconductor
device in accordance with the first embodiment of the
present invention;

FIG. 4 1s a view of cross-section diagrams illustrating a
method of manufacturing a semiconductor device in accor-
dance with a second embodiment of the present invention;
and

FIG. § 1s a view of a cross-section diagram further
illustrating the method of manufacturing a semiconductor
device 1n accordance with the second embodiment of the
present mvention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Selected embodiments of the present invention will now
be explained with reference to the drawings. It will be
apparent to those skilled in the art from this disclosure that
the following descriptions of the embodiments of the present
invention are provided for illustration only and not for the
purpose of limiting the invention as defined by the appended
claims and their equivalents.

FIG. 3 1s a cross-sectional diagrammatical view of a
semiconductor device 1 1n accordance with a first preferred
embodiment of the present invention. The semiconductor
device 1 1s a ferroelectric memory device with a planer type
terroelectric capacitor. The semiconductor device 1 has a
transistor and a ferroelectric capacitor. The transistor i1s
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formed 1n an active region 3 separated by a device 1solation
insulating-film 2 1n a semiconductor substrate or SOI (Sili-
con on Insulator) substrate 30. The SOI substrate 30 includes
a silicon layer 31 in which the device 1solation 1nsulating-
film 2 1s formed, an 1mnsulating layer (e.g. an oxide layer) 32,
and a support substrate 33. The support substrate 33 is
preferably made of silicon. The ferroelectric capacitor 1s
formed on an interlayer msulating film (first insulating layer)
6 covering the transistor. The transistor 1s composed of
source-drain regions 3a and 3b, a gate-insulating film 4, and
a gate electrode 5. The source-drain regions 3aq and 36 are
formed 1n the active region 3. The gate-insulating film 4 1s
formed on a portion of the active region 3 located between
the source drain regions 3a and 3b. The gate-electrode 5 1s
preferably formed on the gate-insulating film 4. The source-
drain region 3a and 35 respectively correspond to a first end
of a main current path and a second end of the main current
path, and the gate-electrode 5 corresponds to a control
clectrode. The mterlayer insulating film 6 1s formed to cover
the transistor. Openings (first and second openings) 6a and
656 are formed to expose respectively the source-drain
regions 3a and 3b. An opening (third opening) 6c¢ 1s formed
to expose the gate electrode 5. In addition, contact plugs 7a,
7b, and 7c¢ are composed of conductive materials, and are
respectively buried or filled 1n the openings 6a, 65, and 6c.
The ferroelectric capacitor 1s formed by laminating a lower
clectrode (first electrode) 8, a ferroelectric film 9, and an
upper electrode (second electrode) 10 in that order. The
lower electrode 8 1s formed to project outward from the
terroelectric film 9 and the upper electrode 10 to obtain
conduction from above. The ferroelectric capacitor 1s cov-
ered by an interlayer insulating film (second insulating
layer) 11. Further, a moisture diffusion protective film 12 1s
formed on the entire upper surface of the interlayer msulat-
ing {ilm 11. That 1s, the moisture diffusion protective film 12
covers the ferroelectric capacitor via the iterlayer mnsulating
film 11. Openings (fourth, fifth, sixth, seventh, and eighth
openings) 13a, 135, 13¢, 134, and 13e are formed 1n the
moisture diffusion protective film 12 and the interlayer
insulating film 11. The openings 134 and 13e could also be
respectively viewed as first openings with respect to the
upper electrode 10 and the lower electrode 8. The openings
134 and 13e could also respectively be viewed as second
openings with respect to the lower electrode 8 and the upper
clectrode 10. A first wiring layer (1M) 14 1s formed on the
moisture diffusion protective film 12 and on the inner
surface of the openings 13a to 13e via a conductive hydro-
gen protective film 20. The hydrogen protective film 20 1s
patterned in the same shape as the first wiring layer 14. The
hydrogen protective film can be any one of titanium, tita-
nium aluminum alloy, titanmium aluminum mitride, aluminum
nitride, and iridium oxide. That 1s, the first wiring layer 14
1s formed only on the conductive hydrogen protective film
20. The first wiring layer 14 has an electrical connection
with the transistor and the ferroelectric capacitor via the
conductive hydrogen protective film 20 formed inside the
openings 13a to 13e, respectively.

The first wiring layer 14 includes wirings 14a, 145, 14c¢,
and 14d. In the opening 13a, the wiring 144 has an electrical
connection with the source-drain region 3a via the conduc-
tive hydrogen protective film 20 and the contact plug 7a.
Further, the wiring 14a 1s connected with a bit-line that 1s not
shown 1n the figures. In the opening 135, the wiring 145 has
an electrical connection with the source-drain region 35 of
the transistor via the conductive hydrogen protective film 20
and the contact plug 7b. Furthermore, in the opening 134,
the wiring 145 also has an electrical connection with the
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upper electrode 10 of the ferroelectric capacitor via the
conductive hydrogen protective film 20. Thus, the wiring
14b electrically connects the source-drain region 35 to the
upper electrode 10. In the opening 13¢, the wiring 14¢ has
an electrical connection with the gate-clectrode 5 via the
conductive hydrogen protective film 20 and the contact plug
7c. In the opeming 13e, the wiring 144 has an electrical
connection with the lower electrode 8 of the ferroelectric
capacitor via the conductive hydrogen protective film 20,
and 1s connected with a plate line that 1s not shown in the
figure. In addition, the interlayer insulating film (third 1nsu-
lating layer) 15 1s formed to cover the first wiring layer 14.
A second wiring layer (ZM) 16, which has an electrical
connection with the first wiring layer 14 through an opening,
1s formed on the interlayer insulating film 15. Moreover, the
second wiring layer 16 1s covered with the protection film

17.

Method of Manufacturing

A method of manufacturing the semiconductor device 1 1n

accordance with the present embodiment 1s described with
reference to FIGS. 1 to 3.

For example, as shown 1n FIG. 1(a), the device 1solation
insulating-film 2 that 1s made of an oxide film 1s formed on
a semiconductor layer of a SOI substrate. In addition, to
control the threshold voltage of the transistor, active regions
3a and 3b are formed by selective 1on implantation and
activation for N-type or P-type impurities. Then, the gate-
insulating film 4 and the gate electrode 5 are patterned by
patterning them with photolithoetching after laminating an
isulating film (e.g., oxide film) and electrode materials
(e.g., polycrystalline silicon) 1n this order. Sequentially, the
source-drain regions 3a and 36 are formed in the active
region 3a by 1on implantation of P-type or N-type impurities
into the corresponding area of the active region 3.

Next, as shown 1n FIG. 1(b), the interlayer insulating film
6 1s formed by depositing an oxide film or a nitride film by
a CVD method. Then, the openings 6a, 65, and 6c¢ that
respectively expose the source-drain regions 3aq and 35, and
the gate-electrode 5 respectively are formed 1n the interlayer
insulating film 6 by photolithoetching. In addition, tungsten
(W) 1s buried or filled 1n opemings 6a, 65, and 6¢c by a CVD
method to form the contact plugs 7a, 75, and 7¢. The contact
plugs 7a and 7b are respectively connected with the source-
drain regions 3a and 35, and the contact plug 7¢ 1s connected
to the gate-electrode 3.

Next, as shown 1n FIG. 1(c), the lower electrode 8, the
terroelectric film 9, and the upper electrode 10 are formed by
laminating a Pt film, a SBT (SrBiTa,O,) film, and a Pt film
on the interlayer msulating film 6 1n that order, and pattern-
ing them by photolithoetching. The patterning 1s conducted
such that the lower electrode 8 is the longest of the three and

the upper electrode 10 1s the shortest. In this process, the
terroelectric film 9 can be PZT(PbZr O,_ ), SBTN((SrBi1,

(Ta, Nb),O,), or BLIT((B1, La),11;0,,). In addition, the
lower electrode 8 and the upper electrode 10 can be made of
a material that does not contain Pt, such as Iridium (Ir) or an
Iridium alloy.

Next, as shown 1n FI1G. 2(a), the interlayer insulating film
11 1s formed by depositing an oxide film or a mitride film by
a CVD method on the interlayer insulating film 6. Sequen-
tially, the moisture diffusion protective film 12 1s formed by
depositing silicon nitride on the interlayer insulating film 11
by a reactive sputtering method. In this process, the reactive
sputter 1s conducted 1n a mitride atmosphere with a target of
silicon (S1), while two-staged RF power 1s applied. For
example, the RF power 1s set as 1 kW 1n the early stage, and
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set as 1.6 kW 1n the next stage. The value of the RF power
1s determined so that the moisture diflusion protective film
12 sufliciently works after its formation. In addition, the
gate-electrode 5 and the contact plug 7¢ are insulated from
the moisture diffusion protective film 12 by the interlayer
insulating layer 11 during the sputter process because the
interlayer msulating film 11 1s formed before depositing the
moisture diffusion protective film 12. Therefore, accumula-
tion of charges in the gate-eclectrode 3 can be inhibited or
avoided entirely, even iI high sputter power 1s applied and
charged particles 1n plasma electrize charges 1n the moisture
diffusion protective film 1n the sputter process to form the
moisture diffusion protective film 12. As a result, charging
damage to the transistor can be mnhibited or avoided entirely.
In addition, RF power 1s set as 1 kW 1n the first stage of
deposition, and 1s increased to 1.6 kKW 1n the next stage,
because layers below the interlayer insulating film 11 can be
damaged by high sputter power in the early stage of depos-
iting the moisture diffusion pretectwe film 12. The moisture
diffusion protective film 12 1s preferably made of Si;N, or
S10N because of their anticorrosion properties against water
and heat resistance 1n various manufacturing processes.

Next, as shown 1n FIG. 2(b), the opemings 13a to 13e,
which respectively expose contact plugs 7a through 7¢, the
upper electrode 10, and the lower electrode 8, are formed by
photolithoeching the moisture diffusion protective film 12
and the interlayer insulating film 11. Then, the conductive
hydrogen protective film 20 1s formed by depositing tita-
nium aluminum nitride (AlITiN) on the moisture diffusion
protective film 12 and on each inner wall (side and bottom
surface) of the openings 13a to 13e by a reactive sputtering
method. The reactive sputter 1s conducted at 1 kW DC power
in the mitriding atmosphere with a target of aluminum
titanium (AlT1). In addition, the conductive hydrogen pro-
tective film 20 can be made of a low hydrogen permeability
conductive material, such as titanium, aluminum titanium
alloy, or aluminum nitride.

Next, as shown i FIG. 2(c¢), the first wiring layer 14
composed of wiring 14a to 144 1s formed by depositing an
aluminum alloy on the conductive hydrogen protective film
20 by a sputtering method, and patterning the aluminum
alloy layer and the conductive hydrogen protective film 20
to have the same or similar shape. In other words, the
conductive hydrogen protective film 20 1s configured to be
1nterpesed by the first wiring layer 14 and the moisture
diffusion protective film 12, the interlayer insulating film 11,
the contact plugs 7a, 7b, and 7¢, the upper electrode 10, and
the lower electrode 8.

In addition, as shown in FIG. 3, the second wiring layer
16 1s formed according to the following steps. The interlayer
insulating film 135 1s formed by depositing an oxide film or
a nitride film on the entire upper surface of the first wiring
layer 14 by a CVD method. Then, an opening that exposes
the first wiring layer 14 1s formed 1n the interlayer imnsulating,
film 15 by photolithoetching. Sequentially, an aluminum
alloy 1s deposited by a sputter method, and the aluminum
alloy compound film 1s photolithoetched, and the second
wiring layer 16 1s formed. Furthermore, the protection film
17 covering the second wiring layer 16 1s formed.

In the method of manufacturing a semiconductor device
in accordance with the present embodiment, the conductive
hydrogen protective film 20 i1n a lower layer of the first
wiring layer 14 1s formed, because the first wiring layer 14
and the conductive hydrogen protective film 20 are patterned
to have the same shape, after depositing the wiring layer 14
on the conductive hydrogen protective film 20 and prior to
patterning the conductive hydrogen protective film 20. In
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this structure, even 1f hydrogen 1s generated by a chemical
reaction of moisture generated 1n a later process for the first
wiring layer 14, hydrogen intrusion into the lower electrode
8 and the upper electrode 10 from the first wiring layer 14
1s prevented by the conductive hydrogen protective film 20.
Thus, hydrogen intrusion into the ferroelectric film 9
through the lower electrode 8 and the upper electrode 10 can
be inhibited or avoided entirely. In addition, hydrogen
intrusion into the diffusion protective film 12 and the inter-
layer insulating film 11 from the first wiring layer 14 can be
blocked at the conductive hydrogen protective film 20, and
hydrogen intrusion 1nto the ferroelectric film 9 through the
moisture diffusion protective film 12 and the interlayer
insulating film 11 can be mnhibited. As a result, deterioration
of the ferroelectric film 9 by hydrogen generated in the first
wiring layer 14 can be eflectively inhibited.

In addition, the first wiring layer 14 1s formed 1n a separate
process from the moisture diffusion protective film 12, and
the gate-electrode 5 and the contact plug 7¢ are nsulated
from the moisture diffusion protective film 12 by the inter-
layer 1nsulat1ng film 11, as shown i FIG. 2(a). Therefore,
even 11, 1n the sputter process to form the moisture diffusion
protective film 12, high sputter power 1s applied and charged
particles in plasma electrize charges in the moisture diffu-
sion protective film 12, accumulation of charges in the
gate-electrode 5 can be inhibited or avoided entirely,
because the gate-electrode 5 1s 1mnsulated from the moisture
diffusion protective film 12 by the interlayer msulation film
11. As a result, charging damage to the transistor can be
inhibited or avoided entirely.

Furthermore, moisture and hydrogen, which are generated
in a later process after the first wiring layer 14 1s formed, can
be prevented from intruding into the ferroelectric capacitor,
because the moisture diffusion protective film 12 and the
conductive hydrogen protective film 20 are formed before
the first wiring layer 14 i1s formed. Due to this structure,
moisture and hydrogen generated in a process of forming the
first wiring layer 14 can be blocked from entering the
terroelectric capacitor. That 1s, as shown 1 FIGS. 2(b) and
2(c), 1n forming the first wiring layer 14, especially, in a
process of ashing resist after etching the first wiring layer 14,
moisture generated 1n a resist ashing process 1s blocked by
the moisture diffusion protective film 12 because the ferro-
clectric capacitor 1s already covered with the moisture
diffusion protective film 12 and the conductive hydrogen
protective film 20. In addition, hydrogen generated by a
chemical reaction of moisture 1n the first wiring layer 14 1s
blocked by the conductive hydrogen protective film 20. As
a result, intrusion of moisture and hydrogen into the ferro-
clectric capacitor 1s mhibited, and property deterioration of
the ferroelectric capacitor can be inhibited or avoided
entirely.

As used herein, the following directional terms “forward,
rearward, above, downward, vertical, horizontal, below, and
transverse” as well as any other similar directional terms
refer to those directions of a device equipped with the
present invention. Accordingly, these terms, as utilized to
describe the present invention should be interpreted relative
to a device equipped with the present mnvention.

SECOND

EMBODIMENT

A second embodiment will now be explained. In view of
the similarity between the first and second embodiments, the
parts of the second embodiment that are 1dentical to the parts
of the first embodiment will be given the same reference
numerals as the parts of the first embodiment. Moreover, the
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descriptions of the parts of the second embodiment that are
identical to the parts of the first embodiment may be omitted

for the sake of brevity.

FIG. 5 1s a cross-sectional diagrammatical view of a
semiconductor device 1 1n accordance with a second pre-
terred embodiment of the present invention. A semiconduc-
tor device 1 of the present embodiment 1s a ferroelectric
memory device with a stack type ferroelectric capacitor. The
present embodiment 1s different from the first embodiment
mainly 1n that lower electrode 8 of the ferroelectric capacitor
1s formed on the contact plug 75 in the interlayer imnsulating
film 6. That 1s, the lower electrode 8 of the ferroelectric
capacitor has a direct electrical connection with the contact
plug 76 without the intervention of the first wiring layer 14.

The following 1s an explanation of the manufacturing the
semiconductor device 1 with reference to FIGS. 4 and 5.
After following the method of the previous embodiment to
the process illustrated 1n FIG. 1(b), the lower electrode 8, the
terroelectric film 9, and the upper electrode 10 are formed by
laminating a Pt film, a SBT(SrBi1Ta,O,) film, and a Pt film
on the contact plug 75 1n that order, and patterning them by
photolothoetching so that the lower electrode 8 remains on
contact plug 76 (see FIG. 4(a)). In addition, the interlayer
isulating film 11 1s formed by depositing an oxide film or
a nitride film on the interlayer msulating film 6 by a CVD
method. Sequentially, the moisture diflusion protective film
12 1s formed by depositing silicon nitride on the interlayer
insulating film 11 by a reactive sputtering method.

Next, as shown 1n FIG. 4(b), the openings 13q, 135, and
13¢ that respectively expose contact plugs 7a and 7¢, and the
upper electrode 10 are formed by photolithoetching the
moisture diffusion protective film 12 and the interlayer
insulating {ilm 11. The opening 13e could be viewed as a
first opening with respect to the upper clectrode 10. In
addition, the conductive hydrogen protective film 20 1is

formed by depositing AITIN by a reactive sputtering
method.

In the present embodiment, an opening that exposes the
contact plug 756 and an opening that exposes the lower
clectrode 8 are not required to be formed because the contact
plug 76 and the lower electrode 8 are directly connected.

Next, as shown i FIG. 4(c), the first wiring layer 14
composed of the wirings 14a, 145, and 14e 1s formed by
depositing an aluminum compound by a sputtering method,
and patterning the aluminum compound layer and the con-
ductive hydrogen protective film 20 in the same shape with
photolithoetching. In other words, the conductive hydrogen
protective film 20 1s configured to be interposed by the first
wiring layer 14 and the moisture diffusion protective film 12,
the interlayer insulating film 11, the contact plugs 7a and 7c¢,
and the upper electrode 10. In the present embodiment, a
wiring that connects to the contact plug 76 and a wiring that
connects to the lower electrode 8 are not required to be
formed because the contact plug 76 and the lower electrode
8 are directly connected.

In addition, as shown 1n FIG. 5, the second wiring layer
16 1s formed according to the following process. The inter-
layer insulating film 15 1s formed by depositing an oxide
film or a nitride film on the first wiring layer 14 by a CVD
method, and an opening that exposes the first wiring layer 14
1s formed 1n the nterlayer msulating film 15 by photolitho-
ctching. Then, an aluminum compound 1s deposited by a
sputter method. The aluminum compound film 1s photolitho-
etched, and the second wiring layer 16 1s formed. Finally, the
protection film 17 covering the second wiring layer 16 1s
formed.
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Hydrogen intrusion into the upper electrode 10 from the
first wiring layer 14 can be blocked by the conductive
hydrogen protective film 20 because the conductive hydro-
gen protective film 20 1s located on the lower layer of the
first wiring layer 14 in the present embodiment as well as 1n
the first embodiment. Further, charging damage to the tran-
sistor can be 1nhibited, even if high sputter power 1s applied
in a sputter process to form the moisture diffusion protective
film 12 and charged particles in plasma electrize charges 1n
moisture diflusion protective film 12 for the same reasons
outlined i the first embodiment. In addition, property
deterioration of the ferroelectric capacitor by moisture and
hydrogen generated 1n resist ashing process in forming the
first wiring layer 14 can be inhibited or avoided entirely for
the same reasons outlined in the first embodiment.
Terms that are expressed as “means-plus function” 1n the
claims should include any structure that can be utilized to
carry out the function of that part of the present invention.
The term “configured” as used herein to describe a
component, section or part ol a device includes hardware
and/or software that 1s constructed and/or programmed to
carry out the desired function.
Moreover, terms that are expressed as “means-plus func-
tion” 1n the claims should include any structure that can be
utilized to carry out the function of that part of the present
ivention.
The terms of degree such as “substantially,” “about,” and
“approximately” as used herein mean a reasonable amount
ol deviation of the modified term such that the end result 1s
not significantly changed. For example, these terms can be
construed as including a deviation of at least 5% of the
modified term 11 this deviation would not negate the mean-
ing of the word 1t modifies.
This application claims priority to Japanese Patent Appli-
cation No. 2003-431724. The entire disclosure of Japanese
Patent Application No. No. 2003-431724 1s incorporated
herein by reference.
While only selected embodiments have been chosen to
illustrate the present mnvention, 1t will be apparent to those
skilled 1n the art from this disclosure that various changes
and modifications can be made herein without departing
from the scope of the invention as defined 1n the appended
claims. Furthermore, the {foregoing description of the
embodiments according to the present invention are pro-
vided for illustration only, and not for the purpose of limiting
the invention as defined by the appended claims and their
equivalents.
What 1s claimed 1s:
1. A method of manufacturing a
comprising;
forming a ferroelectric capacitor by laminating a first
electrode, a ferroelectric film, and a second electrode;

covering said ferroelectric capacitor by an nsulating film;

forming a moisture diffusion protective film on said
insulating film by forming a first portion of said mois-
ture diffusion protective film at a first power and a
second portion of said moisture diffusion protective
f1lm at a second power, said first power higher than said
second power;

forming a {irst opening to expose said second electrode 1n

said moisture diffusion protective film and said insu-
lating layer;

forming a conductive hydrogen protective film on said

insulating layer and on an mner wall of said first
opening;

forming a wiring layer on said conductive hydrogen

protective layer; and
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patterning said wiring layer and said conductive hydrogen
protective film after forming said wiring layer.

2. The method of manufacturing a semiconductor device

according to claim 1, wherein said conductive hydrogen

protective film 1s selected from the group consisting of 3

titanium, titanium aluminum alloy, titanium aluminum
nitride, aluminum nitride, and iridium oxide.

3. The method of manufacturing a semiconductor device
according to claim 1, wherein a second openming that exposes
said first electrode 1s formed in said msulating layer when
forming said first opening, and said conductive hydrogen
protective film 1s formed on an inner wall of said second
opening when forming said conductive hydrogen protective
f1lm.

4. The method of manufacturing a semiconductor device
according to claim 1, wherein said moisture diflusion pro-
tective film 1s formed by reactive sputtering, said first power
1s a first RF power, and said second power 1s a second RF
power.

5. The method of manufacturing a semiconductor device
according to claim 1, wherein said moisture diffusion pro-
tective film 1s formed from a heat resistant material.

6. The method of manufacturing a semiconductor device
according to claim 5, wherein the heat resistant material 1s
selected from the group consisting of S1,N, and S10N.

7. A method of manufacturing a semiconductor device
comprising:

forming a transistor having a first end of a main current

path, a second end of said main current path, and a
control electrode;

covering said transistor by a first insulating layer;

forming {first, second, and third opemings to expose

respectively said first end of main current path, said
second end of main current path, and said control
electrode:
burying respectively first, second, and third conductive
materials 1 said first, second, and third openings;

forming a ferroelectric capacitor by laminating a first
electrode, a ferroelectric film, and a second electrode
on said first insulating layer, said first electrode being
formed on said third conductive matenal;

covering said ferroelectric capacitor with a second 1nsu-

lating layer;

forming fourth, fifth, sixth openings to expose respec-

tively said first and second conductive materials, said
second electrode 1n said second insulating layer;
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forming a conductive hydrogen protective film on said
second insulating layer and on each inner wall of said
fourth to sixth openings;

forming a wiring layer on said conductive hydrogen
protective film; and

patterning said wiring layer and said conductive hydrogen
protective film after forming said wiring layer.

8. The method of manufacturing a semiconductor device
according to claim 7, further comprising:

forming a moisture diffusion protective film on said
second 1nsulating layer; and

forming fourth, fifth, sixth openings in said second insu-
lating layer and said moisture diffusion protective layer.

9. The method of manufacturing a semiconductor device
according to claim 7, wherein said conductive hydrogen
protective film 1s selected from the group consisting of
titanium, titamum aluminum alloy, titanium aluminum
nitride, aluminum nitride, and inndium oxide.

10. The method of manufacturing a semiconductor device
according to claim 7, wherein said conductive hydrogen
protective film 1s titantum aluminum mitride.

11. The method of manufacturing a semiconductor device
according to claim 7, further comprising forming a moisture
diffusion protective film on said insulating film by forming
a {irst portion of said moisture diffusion protective film at a
first power and a second portion of said moisture diffusion
protective film at a second power, said first power higher
than said second power.

12. The method of manufacturing a semiconductor device
according to claim 11, wherein said moisture diffusion
protective film 1s formed by reactive sputtering, said first
power 1s a first RF power, and said second power 1s a second
RE power.

13. The method of manufacturing a semiconductor device
according to claim 11, wherein said moisture diffusion
protective film 1s formed from a heat resistance material.

14. The method of manufacturing a semiconductor device
according to claim 13, wherein the heat resistance material
1s selected from the group consisting of S1;N, and S10ON.
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